Traditionally, ferritin has been considered a photocatalyst capable of photo--oxidizing organic molecules and transferring electrons to external electron acceptors when irradiated by UV− visible light. We have designed new approaches to resolve the uncertainties regarding its photocatalytical mechanism. Experiments with an Fe(II) chelator, an electrochromic indicator, and recombinant ferritin proteins indicate that the excited electrons at the conduction band of the ferritin core do not cross the protein shell. Instead, irradiation causes the electrons to reduce the ferrihydrite core to produce Fe(II) ions. These Fe(II) ions exit the protein shell to reduce electron acceptors. In the absence of electron acceptors or chelators, Fe(II) re--enters ferritin.
INTRODUCTION
Living organisms have developed chemical machinery based on ferritin protein to manage the availability of vital, but potentially toxic, free iron. Ferritin has the dual function of detoxifying iron by oxidizing the Fe(II) ions in its catalytic ferroxidase centers and of storing Fe(III) in its cavity [1−7] . Stored ferritin iron is nontoxic and is available when needed by the cell.
Ferritins isolated from different organisms and tissues have been determined. The most studied ferritin traditionally used as a model of mammalian ferritins is found in horse spleen. Horse spleen ferritin (HSFt) consists of apoferritin, a spherical hollow shell of about 450 kDa with a diameter of approximately 12 nm, and an encapsulated Fe(III) ferrihydrite--like nanoparticle [8−10] . The apoferritin shell is composed of 24 polypeptide subunits of two types: the H (heavy) and the L (light) subunits. The two subunits are closely related but have different functionalities. The H subunits play a key role in the rapid detoxification of Fe(II), as they contain the catalytic ferroxidase centers. The L subunits lack ferroxidase centers and are associated with iron nucleation [11] . The assembly of the two subunits in the ferritin shell results in different types of channels leading to the central cavity. Eight hydrophilic channels allow the passage of water and metal cations into the protein core.
Iron from the native ferrihydrite nanoparticle may be removed by reduction [7, 12] .
The Fe(II) may subsequently diffuse through the hydrophilic channels to the external medium. The ferrihydrite--like core of ferritin is a semiconductor that has been proposed to function as a photocatalyst for redox reactions. Irradiation of ferritin with UV−visible light induces the promotion of electrons in the core from the valence to the conduction band, generating an electron−hole pair that then induces oxidation−reduction reactions [13−20] .
Previous studies have shown that ferritin, in the presence of electron donors, is capable of reducing various metal cations, proteins, and dyes [13−16] . It has been proposed that illuminating ferritin with visible light catalyzes the photo--oxidation of organic molecules and the transfer of electrons to external electron acceptors. Thus, a variety of electron acceptors including Cr(VI), Cu(II), Au(III), viologen, and cytochrome c have been reduced using citrate or tartrate as sacrificial electron donors [13−16] .
The detailed mechanism in which ferritin acts as a photocatalyst remains unclear.
Direct contact between the ferritin core and the substrates to be oxidized (electron donors) or the substrates to be reduced (electron acceptors) requires the entry of the substrates through the ferritin shell into the cavity. Alternatively, electron transfer through the 2 nm apoferritin shell could occur. Although neither mechanism has been unequivocally confirmed, it has been assumed that electrons from donors fill the photoinduced electron hole in the ferritin core and excited electrons from the conduction band reduce the electron acceptors. Although some have proposed that these excited electrons cross the electron shell, others have argued that species small enough to enter through the ferritin channels could be reduced inside the ferritin shell.
In either case, it has been assumed that the substrate reductants are electrons liberated from the ferritin core [13,14,17−19] .
Assuming ferritin acts as a photocatalyst, the photocatalytic ferritin core could eventually undergo photocorrosion. Light excitation would reduce the iron core itself, forming Fe(II) and dissolving the ferrihydrite nanoparticle. In fact, previous work has shown that the irradiation of ferritin with UV−visible light induces a reductive mobilization of Fe(II) [21] . The Fe(II) was detected with an adequate Fe(II) chelator, ferrozine ((3--(2--pyridyl)--5,6--diphenyl--1,2,4--triazine--p,p--disulfonic acid monosodium salt, hereafter fz), through the formation of the [Fe II (fz) 3 ] complex. It has also been proposed that ferritin could overcome photocorrosion [15, 17] . In this scheme, the core would remain in an active form. Since Fe(II) that diffuses through the hydrophilic channels would reach ferroxidase centers, be reoxidized to Fe(III), and return to be reincorporated into the core.
Clearly the most intricate details of the photocatalysis by ferritin remain uncertain. The results and conclusions of several studies are mutually inconsistent and require further investigation. To this end, we have designed new approaches to understand the nature of the reduction of the ferritin core in the presence of light. We question whether the reduction is solely a photochemical reaction. easily detected by UV−vis spectroscopy, through the appearance of a broad band centered in the 700−800 nm range [22−24] . In this case, POM is ideal as an indicator because it cannot cross the apoferritin channels due to its large size. Moreover, POM is reduced little by citrate and conventional buffers and is unaffected by UV−vis irradiation.
RESULTS AND DISCUSSION
As shown in Figure 1a , when a mixture of POM and horse spleen ferritin in the presence of citrate is irradiated with a UV−vis lamp (see Experimental Section), a broad band centered at 800 nm gradually develops, confirming the reduction of POM.
Without irradiation, no POM reduction occurs. Likewise, by irradiating ferritin absence of citrate, POM is not reduced (Figure 1b with POM without citrate.
